ABSTRACT
Introduction
Variability in soil properties is a critical element across wide areas of researches especially in several aspects of agriculture and environment including sewage disposal [1] and global climate change [2] . Spatial variability of soil properties is inherent in nature due the influence of geogenetic/pedogenetic processes and management/land use related activities. Pedogenetic (intrinsic) variables interact with each other across spatial and temporal scales and their effects are further modified by erosional and depositional processes [3] which influence landscape evolution. Management and land use related forces may not completely be spatiotemporal on a large scale considering production systems largely practiced in subSaharan Africa which consist minimal application of
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Southeastern Nigeria agrochemicals and equipment utilization. The overall effect of forces that act in concert to modify the properties of soil as it evolved indicated that the characteristics of factors responsible for variability imposes both short and long range variability that is equally multivariate in nature [4] . The knowledge of major contributors to soil variability especially at a single plot scale should be complemented with the establishment of minimum data set that could enhance management decision processes for optimum output. It has been reported that many of the soil properties are highly correlated and function in concert with each other [5, 6] . The correlation and intercorrelation among soil properties suggests the use of superior statistical procedure that will simultaneously account for relationship among several soil properties. Multivariate statistical analyses provide techniques for simultaneously analyzing correlated variables. This method of statistical analysis could reveal relationships not previously suspected when variables were analysed separately [7] . The use of factor analysis facilitates reduction of large number (p) of correlated variables to m < p uncorrelated factors that are linear functions of the original variables. Each factor is responsible for the correlation among the group of soil properties that comprised it. Duffera, et al., [8] conducted two mixed model analysis and principal component analysis to describe the field scale horizontal and vertical variability of soil physical properties and their relations to soil map units in typical southeastern US coastal plain sands soils. Their results indicated that some of the soil physical properties such as texture, soil water content and plant available water showed significant spatial structure and were captured by soil map units.
Soils of southeastern Nigeria formed on unconsolidated coastal plain sands are characterized by the dominance of sandy textured fragments (comprising larger quantities of coarse over fine textured materials), have low physical and chemical fertility due to dominance of low activity clays and inherent low organic matter contents [9] [10] [11] . Agricultural production on these soils which previously possess capacity for moderately high yield under typical traditional shifting cultivation and fallow system is largely at the subsistence level. The population pressure had drastically shortened the length of fallow and subsequently reduced soil organic matter contents which complements low cation exchange capacity that characterize low activity clay soils that dominates the sub-Saharan Africa. These soils may not possibly sustain large-scale intensive production system which must be introduced in a sustainable manner if sub-Saharan Africa could improve agricultural production as they grapple with the millennium development goals. The enormous problems of crop production and management systems associated with sub-Saharan Africa ranging from unavailability of inputs, poverty, low soil fertility and resilience and technology creates the need to establish some soil management factors that will facilitate reduction in the dimensionality of parameter indicative of capacity of soils to give optimal crop yield and at the same time adaptive for site-specific management.
The objective of this study therefore was to identify soil management factors from a set of 15 soil properties documented frequently as components of routine analysis and accompanying spatial structure for site specific soil management. The soil properties included Particle size fraction (sand, silt, and clay), effective cation exchange capacity, base saturation, pH, organic carbon, total nitrogen, carbon nitrogen ratio, available phosphorus, exchangeable calcium, magnesium, sodium, potassium and acidity.
Materials and Methods

Description of Study Area
The study was carried out in the University of Uyo Teaching and Research Farm (measuring 8.19 hectares) in University of Uyo Annex, Uyo in Akwa Ibom State of Nigeria. Akwa Ibom State (Figure 1 ) is located within a tropical climate characterized by rainy season (February/ March-November) and dry season (November-February/ March). Rainfall ranges from 3000mm along the Atlantic coast to 2000mm in the hinterland [12] with overall topography typically of unconsolidated marine and fluvial deposit formation. The State falls within the sedimentary areas of Nigeria with up to 80% of the soil formed on coastal plain sands (>70%) and alluvium [9, 10, 12] . Soils on coastal plain sands are normally deep, changeable bases and available phosphorus (avail. P) were extracted with Mehlick No. 3 extraction [17] . Potassium (K) and sodium (Na) content were read with the aid of flame emission spectroscopy, calcium (Ca 2+ ) and magnesium (Mg 2+ ) were read with the aid of atomic absorption spectroscopy (AAS), while total phosphorus was determined colorimetrically. Exchangeable acidity was extracted with un-buffered potassium chloride solution and titration with 0.01M-solution of sodium hydroxide to the first permanent pink endpoint as described by Anderson and Ingram [18] , while effective cation exchange capacity (ECEC) was determined through summation [19] . dominantly sandy with low clay, organic matter content and pH. The soils are well drained, deeply weathered and formed on sandy, coarse-loamy materials, have udic moisture regime. There is greater clay content in the Bt horizons and less sand in Ap horizons. The soil temperature regime is isohypertermic.
The farm was used for intensive leafy vegetable production that comprised Talinum triangulare and Telferia occidentalis on raised beds under low organic amendment (poultry droppings), whereas some parts are either under fallow or low intensity cattle grazing (Figure 2) . The soils were classified as Aerenic Hapludalf coarseloamy siliceous isohyperthermic (25%), Aerenic Paleudult coarse-loamy siliceous isohyperthermic (15%) and Typic Paleudult coarse-loamy siliceous isohyperthermic (60%).
Statistical Analysis
Descriptive statistics
The soil properties were analyzed using classical statistical methods to obtain descriptive statistics, measure of central tendency and normality of distribution [20] using SAS Institute [21] . Soil properties significantly skewed or kurtous were either log or square root transformed [22, 23] and normality recalculated. Data were then back transformed using weighted technique which is superior to simple back transformation because it more closely approximates true population statistics [24] before using geostatistical analysis.
Soil Sampling and Analysis
Nine horizontal and ten vertical traverses were made at 40 meter intervals (Figure 2) . Soil samples were collected at 0 -15 cm depth on the grid nodes of the traverses. Fifty-eight (58) soil samples were collected based on the allowable number of points considering the shape of the farm. The sampling points comprised maximum of nine points at the first traverse and minimum of two at the tenth with each traverse consisting n -1 sampling points with the exception of traverses 2, 3 and 4 that had 8 each. Schematic presentation of the sampling scheme was presented as Figure 2 . The samples were air dried, pulverized and made to pass through 2-mm mesh sieve. Particle size distribution was carried out through hydrometer method [13] . Total nitrogen and organic carbon were determined by Kjeldahl [14] and dichromate oxidation [15] methods respectively. Soil pH was determined in a 1:2 (soil:water) solution using pH meter [16] . Ex-
Principal Component Analysis
Factor analysis was also used to group the fifteen (15) soil properties into statistical factors based on their correlation structure using SAS Institute [21] . Factor analysis as a generic term includes principal component analysis and common factor analysis. While the two techniques are functionally very similar and are used for the same purpose (data reduction), they are quite different in 
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Southeastern Nigeria terms of underlying assumptions. The term "common" in common factor analysis describes the variance that is analyzed. It is assumed that the variance of a single variable can be decomposed into common variance that is shared by other variables included in the model, and unique variance that is unique to a particular variable and includes the error component. Common factor analysis (CFA) analyzes only the common variance of the observed variables while principal component analysis (PCA) considers the total variance and makes no distinction between common and unique variance and researchers does not have to allot weights. Principal component analysis was used as the method of factor extraction because it does not require prior estimates of the amount of variation in each of the soil properties explained by the factors. Factor (principal component) analysis was performed on standardized variables using correlation matrix ( Table 2 ) to eliminate the effect of different measurement units on the determination of factor loadings [7, 25] . Factor loadings are the simple correlation between properties and each factor [26] . Eigenvalues are the amount of variance explained by each factor [26] . Standardization of soil properties lead to the arrival on variance value 1 for each variable and a total of 15 for the entire data set. Factors with eigenvalues > 1 explained more total variation in the data than individual soil properties, and factors with eigenvalues < 1 explained less total variation than individual soil properties. Therefore, only factors with eigenvalues > 1 were retained for interpretation. Retained factors were subjected to varimax rotation. A varimax rotation redistributed the variance of each factor to maximize relationships between the interdependent soil properties [21] .
Commonalities estimate the proportions of variance in each soil property explained by the factors. A high commonality for soil property indicates a high proportion of its variance is explained by the factors. In contrast, a low commonality for a soil property indicates much of that property's variance remains unexplained. Less importance should be ascribed to soil properties with low commonalities at interpretation of factors. Each of the factors could be useful in management decision with regard to the individual members and probably could reduce activities involved in field sample collection, laboratory analysis and difficulties in the effort to be able to combine the various research output to arrive at a suitable recommendations for optimal agricultural production and sustainable environmental management.
Geostatistics and Kriging
The degree of spatial variability for each soil property was determined by geostatistical methods using semivariogram analysis and kriging [27] [28] [29] . Prior to the application of geostatistics, each variable was checked for normality, trend, and anisotropy. A geographic trend was determined using exploratory data analysis tools in Spatial Module of S-Plus [30] . If a variable had a geographic trend, then a first-order (linear) model was developed between soil variable z (dependent variable) and the x, y geographic coordinates (independent variables). The linear trend model was tested as an ordinary regression by ANOVA. If the linear trend model was significant (p ≤ 0.05), then the soil variable was detrended by subtracting the soil variable values from the linear model calculations. The residuals were regarded as closer to stationary and were used to calculate semivariograms. The residual interpolation was performed with ordinary kriging. Finally, adding the kriged residuals to the first order trend completed the mapping of the variate. Since the exact form of semivariogram model was never known, the given model selected and used was only an approximation of its function [31] . However, to come up with a best model, a jack-knifing procedure was performed. In this trial-and-error method, every known point was estimated using the surrounding data points but not the measured data point. Thus, every semivariogram for each soil variable was adjusted by trial and error until a best fit between the estimated and actual values was found [28] . A semivariogram was determined for each variable to ascertain the degree of spatial variability between neighboring observations, and the appropriate model function was fit to the semivariogram. The semivariogram function [32] was calculated as follows:
where h is the lag distance
is the semivariance at lag h, Z is a random variable (value of soil property), Z(x i ) is random variable for a fixed location x i , N(h) is the number of pairs of values Z(x i ), Z(x i + h) separated by a vector h. The three basic parameters which describe spatial structure of semivariogram plots comprised
where C 0 is the nugget effect, C 1 is the structural variance, a the range of spatial dependence and C 0 + C 1 is the sill. Finally contour maps of each variable at each depth were created through ordinary kriging [31, 33, 34] 
Results and Discussion
Variation of Soil Properties
The mean and median values served as primary estimates of central tendency, while standard deviation (SD), coefficient of variation (CV), skewness and kurtosis served as estimates of variability ( Table 1) . Normality was accepted or reject on the consideration of p-value labeled as PR < W (Shapiro-Wilk test) in relation to the anticipated level of significance. The null hypothesis that data set is from normally distributed population was either accepted or rejected on the consideration that the p value (PW < R) is either greater or less than the anticipated level of significance. For instance, PR < W values that were less than 0.05 indicated that data set were not drawn from a normally distributed population. The variables that were normally distributed included sand, base saturation (BS), organic carbon (Org. C), total nitrogen (Total N), available phosphorus (avail. P) and exchangeable acidity (Exch. Acidity), while silt content, clay content, effective cation exchange capacity (ECEC), pH, carbon: nitrogen ratio (CNR), exchangeable calcium (Ca), magnesium (Mg), sodium (Na) and potassium (K) were non normally distributed (i.e. either skewed or kurtous). Despite skewness and kurtosis of the soil properties, the mean and median values were similar to each other indicating that the outliers did not dominate the measure of central tendency and could be used in exploratory data analysis. The underlying reasons for normal and non-normal distributions were unknown, but management and land use seems to be possible causes. The area was used for vegetable production, cattle grazing and fallow and these various uses may have contributed to the variation of some of the soil properties. The non-normal variables were either square root or natural logarithm transformed ( Table 1) . It was reported that many skewed or kurtous soil properties were normalized with either log or square root transformation [22, 35] . It was observed that silt content, clay content, ECEC, pH (log transformed), Ca, and Mg (square root transformed) were normalized while CNR, Na and K were not. It is instructive to note that outliers did not dominate the measure of central tendencies in the entire data including CNR, Na, and K that had median equal to mean in Na, and less than it did by 3.3% and 11.1% in CNR and K respectively. Cambardella et al., [23] and Shukla et al., [5, 36] reported similarity in mean and median values for several soil physical, chemical and biological properties. Cambardella et al., [23] tried transformation but without achieving normality in some variables, while Shukla et al., [5] did not attempt transformation but both were still able to arrive at good result in their spatial analysis.
Ranking of coefficient of variation (CV) of soil properties into different classes including least (<15%), moderately (15% -35%), and highly (>35) variable according to Wilding [37] was adopted in this study. Results shown in Table 1 indicated that among the 15 soil properties measured, 26.6% (i.e. sand content, pH, CNR and Na) were least variable, they had coefficient of variation less than 15%, whereas 40.1% comprising silt content, clay content, ECEC, base saturation, available phosphorus and exchangeable magnesium were moderately variable as they had CV > 15 ≤ 35%. The remaining soil properties organic carbon, total nitrogen, exchangeable Ca, K and acidity (33.3%) were highly variable (CV > 35%). There were significant correlation (p < 0.05) in 26.6% (Table 2 ) of the soil property pairs and that was reasonable for identification of underlying factor pattern. This result was expected based on the characteristics of the study area indicating significant correlation among soil properties that bear relationship with one another [11, 38] . The established trend indicated the possibilities of grouping soil properties into similarity factors based on their correlation patterns. Exchangeable Ca and Mg significantly correlated with the highest number of soil properties (i.e. each correlated with 6 other soil properties), while the least was available P. that did not significantly correlate with any, then closely followed by Na and K that significantly correlated with pH (r = 0.38, p < 0.01) and Mg (r = 0.26, p < 0.05) respectively. The strongest negative significant (p < 0.01) correlations were between sand and clay (r = -0.85), exchangeable acidity and base saturation (r = -0.85), whereas the strongest positive significant correlations were between ECEC and Ca (r = 0.80), Ca and BS (r = 0.74), organic carbon and total nitrogen (r = 0.80). The few significant correlations observed between Na/K and other soil properties could be because of their very low concentration in the coastal plain sands soils [11] .
Discrimination of Soil Properties into Pedological and Management Factors
The result of principal component analysis shown in Table 3 indicated that first six factors had eigenvalues greater than 1 and were retained for interpretation. Commonalities, which can be regarded as indicators of the importance of the variables in the analysis are generally high (>60%). This was a confirmation of the allusion that significant correlations observed in the soil properties was the characteristics of the coastal plain sand soils and reasonable for identification of underlying factor pattern. Commonalities for the soil properties showed that the six retained factors explained 90% of the variance in sand content, ECEC, BS and exchangeable acidity and ≥ 80 < 90% in clay content, organic carbon content, total nitrogen and exchangeable calcium. However, the factors explained > 60 < 80% in silt content, pH, CNR available P, Mg, Na and K. The order in which factors were interpreted was determined by the magnitude of their eigenvalues. The signs of the eigenvalues indicated that the variables made either negative or positive contribution to the factor. However, if the signs were ignored, each of the coefficients represented the relative contributions of its associated value to the function. The terms used for the extracted factors in their order were mineralogical or weathering, soil organic matter, cation exchange activity, soil texture, and dispersion and soil phosphorus factors. These listings were based on either management or pedeological considerations. The weathering factor had the highest loading of >0.36 n base saturation, Ca and Mg, with comparably high i Southeastern Nigeria [41] used ratios of the exchangeable bases (Ca, Mg and K) as indicators of extent of leaching/ weathering (age) in soils. The second factor was soil organic matter that comprised organic carbon content, total nitrogen and CNR which loaded ≥ 0.47 < 0.51 and are variables frequently used in evaluation and management of soil organic matter [42] . The third factor was termed soil cation exchange activity factor. Seybold et al., [43] defined cation exchange capacity (CEC) as the sum of the exchangeable cation that a soil can hold at a specified pH. The importance of CEC in the management of soils for agricultural purposes informed its use in the classification of soils at the family level (Soil Survey Staff, . This factor was termed dispersion factor as it was the only factor that had Na loading highly, was not classified under any of the other previous factors and is not a major factor in soil management so long as it remains very low in the soils of the study area. This factor could equally be termed soil acidity factor for the occurrence of both pH and exch. Acidity. The sixth was termed the soil P factor which loaded 0.71 (avail. P), while accompanying silt, clay and pH loading -0.44, -0.34 and 0.30 respectively. pH had its highest loading at the sixth factor indicating its very close association with availability and management of soil and plant available phosphorus [38] . Generally, it was suspected that low factor loadings could affect classification of the soil properties but it did not because the factors were actually management and pedological groupings that could assist in designing of agronomic/crop husbandry experimental research and planning of site-specific crop production strategies for optimum output and knowledge of pedogenesis.
Spatial Structure Analysis
The degree of spatial variability for each soil property
Copyright © 2011 SciRes. OJSS
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Southeastern Nigeria determined by geostatistical methods using semivariogram analysis and kriging were shown in Figures 3-7 . Figure 3 , comprised particle size fractions, Figure 4 , base saturation, exchangeable calcium and magnesium and Figure 5 organic carbon, total nitrogen and carbon nitrogen ratio. Whereas Figure 6 comprised pH, available phosphorus and exchangeable acidity and Figure 7 , effective cation exchanges capacity, exchangeable sodium and potassium. The semivariogram parameters were presented in Ta- ble 4 for the properties of coastal plain sands soils. Spatial ratio similar to those presented by Cambardella et al., [23] to define distinctive classes of spatial dependence was adopted in the study. The classes were obtained by the ratio of the nugget to sill. If the ratio was <25%, between 25% and 75% or >75%, the variable was considered strongly, moderately or weakly spatially dependent espectively. The resulting semivariograms indicated the r Copyright © 2011 SciRes. OJSS
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Southeastern Nigeria existence of moderate to strong spatial dependence for the soil properties ( Table 4) . With the exception of sand and clay contents, ECEC, BS and total N that were moderately (range of spatial dependence between 25.7% and 47.3%), others were strongly spatially dependent. The strongly spatially dependent variables include silt content, pH, organic carbon, CNR, avail. phosphorus exchangeable Ca, Mg, Na and acidity (ranging between 0.18% and 22.8%). Strong to moderate spatial dependence had been ttributed to intrinsic variation controlled by factors of a Southeastern Nigeria soil formation and particularly associated with texture and mineralogy. Moderate to weak spatial dependence were reported to be as a result of management related activities such as fertilizer application, tillage and land use [5, 6, 23, 27, 35, 44, 45] . Further confirmation of strong to moderate spatial dependence of soil properties was with the use of minimum R value of 0.70. (Table 3) as was utilized in Duffera et al. [8] .
It was observed that strong to moderate spatial dependence observed in the study area could be largely attributed to intrinsic variation resulting from pedogensis ather than management or land use related events (exr Copyright © 2011 SciRes. OJSS
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Southeastern Nigeria trinsic). It could be inferred that the three land use systems (i.e. fallow, grazing and vegetable production) did not have pronounce influence on the soil properties. These were more so that the vegetable production was with the aid of simple hand implement used for pulverizations of the soil and raised bed preparation, with light application of organic (poultry droppings) amendment. This intrinsic variation observed was supported by principal component analysis that indicated that pedogenetic processes are the most important factors responsible for the variation of soil properties in the study area. Addiionally, it had been previously reported that the influt Southeastern Nigeria ence of soil physical properties demanded more research attention in the study and management of properties of coastal plain sands (referred to as mineral) soils, because they are low in organic matter, clay, silt and moderately (pH range of > 5.0 ≤ 7.0) acidic [9] [10] [11] . These properties are soil components known to contribute to CEC [43] of which those of coastal plain sands soils are pH dependent because they are dominantly mineral soils [19] . The range of spatial dependence of the soil properties varied between 121.7 and 320 m ( Table 4) . Sodium and magnesium had 320 m each, which approximates the maximum sampling distance for data used in spatial analysis, while sand content had 121.7 m as the distance beyond which there was no spatial dependence.
Spatial Prediction of Soil Properties
The contours of particle size distribution were different from each other with sand more similar to clay than silt. This observation may be connected with the fact that there was highly significant (r = 0.85, p < 0.01) correlation between sand and clay contents of the soil. The major part of the contour map (Figure 3 ) was dominated by values ≥ 850 ≤ 900 g·kg -1 , but the values between 850 and 860 g·kg -1 occupied a minimal area (sand), ≥ 42.0 ≤ 54.0 g·kg -1 (silt) and ≥ 51.0 ≤ 93.0 g·kg -1 (clay). The organic carbon, total nitrogen and carbon nitrogen ratio ( Figure 5) were within the ranges of ≥ 0.7 ≤ 1.1 mg·kg -1 , 0.1 mg·kg -1 and ≥ 12.5 ≤ 14.0 respectively. Base saturation, exchangeable calcium and magnesium (Figure 4) were dominantly ≥ 52.0% ≤ 74.0%, ≥ 1.5 ≤ 2.8 mg·kg -1 and ≥ 0.7 ≤ 1.2 mg·kg -1 respectively. High concentration of Ca and Mg were observed within the same vicinities of the study site corresponding to vegetable production and fallow, probably because of amendments and regeneration respectively. The ECEC, Na and K ( Figure 7) were dominantly > 3.0 < 6.9 mg·kg -1 , ≥ 0.01 ≤ 0.3 mg·kg -1 and > 0.04 < 0.3 mg·kg -1 respectively. The distribution of the values of ECEC bears comparable relationship with Ca and Mg while Na and K were different, but Na actually concentrated in the fallow area. The concentrations of Na and K were low in the soil and this is an expectation from soils formed from coastal plain sands parent material (Ogban and Ekerette, 2001 ). The available phosphorus, pH and exchangeable acidity (Figure 6) were dominantly ≥ 194.0 ≤ 264.0 mg·kg -1 , ≥ 5.4 ≤ 5.8 and ≥ 1.6 ≤ 2.2 mg·kg -1 respectively and none of these distributions could be explained by the land use or soil management activities. It could be assumed that the factor groups including mineralogical or weathering, soil organic matter, cation exchange activity, soil texture, and dispersion and soil phosphorus factors could be applied to the contour maps in such a manner that any member of the groups could be representative for site-specific management technologies.
Implications for Agricultural Production
The variability of soil properties observed on the coastal pain sands parent material of southeastern Nigeria is largely not due to other sources but soil formation. Within a single field dimension, major causes of variability is restricted to factors associated with depositional/erosional processes and faunal (termites and earthCopyright © 2011 SciRes. OJSS
Identification of Soil Management Factors from Spatially Variable Soil Properties of Coastal Plain Sands in 38
Southeastern Nigeria worm) activities. One of the requirements for increased crop production is the knowledge of extent of spatial variability and spatial structure of soil properties. This knowledge will be useful in the execution of site-specific management which has been found to be indispensible for large scale intensive crop production. The soils of coastal plain sands dominated by particles greater than 0.02 mm, kaolinitic and low in organic matter are not resilient and therefore demands integrated crop management scheme for sustainable production. This is indicative that components two and four comprising organic matter factor and texture factor should be properly understood and managed. Emphasis will be fractions greater than 0.02 mm for water and organic matter for nutrients management. Then, the understanding of their spatial structure and prediction of unsampled location may facilitate management and enhance production.
Conclusions
The classical and geostatistical methods revealed the variability and spatial structure of the soil properties. Outliers did not influence the measure of central tendency, sand, base saturation (BS), organic carbon, total nitrogen, available phosphorus and exchangeable acidity were normally distributed. Coefficient of variation indicated that 26.6%, 40.1% and 33.3% of the soil properties were least, moderately and highly variable respectively. The observed significant correlation facilitated discrimination of soil properties into mineralogical or weathering, soil organic matter, cation exchange activity, soil texture, and dispersion and soil phosphorus factors. The strongly spatially dependent soil properties include silt content, pH, organic carbon, CNR, available phosphorus, exchangeable calcium, magnesium, sodium and acidity, whereas sand and clay contents, ECEC, BS and total N were moderately spatially dependent. The observed variation in soil properties could be attributed to intrinsic variation controlled by factors of soil formation and particularly associated with texture and mineralogy. Specifically, it was observed that water and nutrient management could be improved as their (i.e. organic matter and texture factors) variability and spatial structure could be predicted for utilization at the planning stage of crop production process.
